Abstract. . Rwanda's economy has been growing fast due to important economic and structural reforms over the last decade. Consumer Price Index (CPI), Exchange Rate and Nominal Growth Domestic Product (NGDP) constitute some of the major economic indicators in emerging market economies that require monetary authorities to elaborate tools and policies to prevent high volatility in prices. Thus, understanding CPI, exchange rate and NGDP dynamics is a key to the design of fund programs to help stabilize the economy of a developing country such as Rwanda. In this study, secondary data from the National Bank of Rwanda, depicting quarterly time series of the 3 indicators from 1997Q1 to 2014Q4 has been used. Appropriate Vector Autoregressive (VAR) model with maximum 3 lagged values for the underlying variables was selected, based on the smallest value of Bayesian Schwartz information criterion and diagnostic tests for disturbances performed. The Granger causality and Impulse response function analysis confirms that in the fitted VAR model, CPI, exchange rate and NGDP are endogeneous variables, each one related to its lagged values and/or of the lag values of other variables. In addition, the results suggest that the CPI is not directly related to the exchange but to the NGDP. 
Introduction
Consumer Price Index (CPI), exchange rate and Nominal Growth Domestic Product (NGDP) are important economic indicators in an economically developing country such as Rwanda. Understanding these indicators helps designing structural reforms and strategies to make the Rwanda's economy stable.
A Vector Autoregressive model can be used to identify the relationship between each of these economic indicators, means CPI, exchange rate and NGDP and its lagged values as well as the lagged values of others.
In a VAR model, all variables have equations linking the change in that variable to its own past values and the past values of all the variables in the model, as it describes the dynamic evolution of a number of variables from their common history Verbeek (2004) . The VAR model allows treating each variable as endogenous thus avoiding restrictions. VAR models have been ever and then used in determining and analyzing the relationship between economic indicators. First important feature of the VAR model is its flexibility and the simplicity in generalization.
Ever since Sims (1972) originated the VAR approach, it has been the standard tool for examining the monetary transmission mechanism. The VAR has proven to be especially useful for describing the dynamic behavior of economic and financial time series and for forecasting Rusek (1994) .
The forecasts generated by VARs are often better than traditional structural models. It has been argued in a number of articles (see, for example, Sims (1980) ) that large-scale structural models performed badly in terms of their out-of-sample forecast accuracy. The VAR is just a multiple time-series generalization of the AR model and is easy to estimate D. Uwamariya, Afrika Statistika, Vol. 13 (1), 2018 , 1539 -1549 For instance, dynamics of exchange and inflationary rate and money supply in Nigeria was examined by Akinbobola (2012) using quarterly data from 1986Q1 to 2008Q4. The model was estimated using VAR model through its VEC form. The models shows that in the long run, there is a negative and significant association between inflationary rate and foreign exchange rate as well money supply.
On the other hand, Tucker (2003) had used cointegrating VAR to find a long-run stability of money demand in Sierra Leone as part of the West African Monetary Zone. Using the data for 1981Q1 − 2000Q4, he examined the relationship between real broad money balance, real GDP, three-month deposit rates, three-month Treasury bill discount rates and inflation. He found that the relationship between money balance, real GDP and T-bill rates was stable in the long-run and concluded that the proposed West African Central Bank could conduct a single monetary policy to achieve price stability within the zone.
Ndung'u (1993) estimated a six-variables VAR money supply, domestic price level, exchange rate index, foreign price index, real output, and the rate of interest in an attempt to explain the inflation movement in Kenya. He observed that the rate of inflation and exchange rate explained each other.
The rest of the paper is as follows: Section 2, is the identification of the model, followed by Section 3, which is the estimation of parameters using OLS method, ...
Model identification
The vector autoregressive (VAR) model is an economic model used to capture the linear interdependencies among multiple time series, VARs were popularised in econometrics by Sims (1980) . Vector autoregressive (VAR) models generalize the univariate autoregressive (AR) model by allowing for more than one evolving variable. All variables in a VAR are treated symmetrically in a structural sense, although the estimated quantitative responses will not in general be the same, the model have been used to analyze Rwanda economic indicators in which each variable has an equation explaining its evolution based on its own lags and the lags of the other variables. Vector autoregressive (VAR) modeling does not require as much knowledge about the forces influencing a variable as do structural models with simultaneous equations: the only prior knowledge required is a list of variables which can be hypothesized to affect each other. In VAR model the simplest model is bivariate where there are only two variables, for Instance; y 1t and y 2t , each of whose current values depend on different combinations of the previous k values of both variables, and error terms.
(1)
where u it is error term with mean zero and zero correlation between error term. 
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VAR system could be extended to include g variables y 1t , y 2t , . . . , y gt , instead of only two variables. The main goal of this study was to fit appropriate VAR model to Rwanda economic indicators and to get appropriate model. The stationarity of variable series have been conducted through Dickey Fuller (DF) and Augmented Dickey Fuller (ADF) tests. Furthermore, tests to select order of VAR model information criteria selection have been adopted, for instance: Akaike information criterion, Hannan-Quinn criterion, Schwarz criteria, to determine which sets of variables have a significant effects on each dependent variable, and causality tests have been conducted by restricting the coefficient of the lags of particular variable to zero and finally the impulse response function analysis have been carried out to measure the effect of a unit shock of the variable i at time t on the variable j in the later periods.
Model Results

Data Description
The data used in this study are about Rwanda Consumer Price Index (CPI), Exchange rate (EXRATE) and Nominal Growth Domestic Price (NGDP), collected from National Bank of Rwanda. They are quarterly data from 1997Q1 to 2012Q2 and consist of 64 observations. Generally, the graphs of these three variables show an increasing trend. It is clear that the variance and the mean are not constant. CPI graph shows trend from 1997 up to 2012, while EXRATE shows trend from 1998 up to 2012, and finally NGDP graph shows trend from 1999 up to 2012. To remove trend in the series, first difference transformation of the series has been made.
Model fitting
To select suitable vector Autoregressive on chosen Rwanda economic indicators with appropriate order of lag we first fits VAR model of order 5 (see Table 1 ) as the VAR model with maximum number of lags. Table 1 shows a general model with 5 lags. It provides the values of the parameters together with the standard errors in parentheses () and the test statistics in brackets []. Some parameters are significant while others are not. In the estimation of a VAR model, we have first to determine its appropriate order, and this is done using the information criteria technique.
With different information criteria, we estimate different VAR (p) models and the one with smallest Bayesian Schwartz information criterion is chosen to be the best. Based on the information criteria, it is clear that the best VAR model is VAR (3) see Table 2 . Based on the values of R squared in Table 3 , we see that the chosen significant independent variables explain slightly the dependent variable in the first and second equations i.e. where DCPI and DEXRATE are endogenous variables respectively, since R 2 values are small, while in the third equation, the chosen significant variables explain well the dependent variable NGDP since the value of R squared is high with more than 99%. We may say that NGDP depends on its previous values as well as the previous values of DEXRATE and DCPI. The Granger Causality/ Block Exogeneity Wald tests are performed (see Table 4 ) to determine which sets of variables have significant effects on each dependent variable based on the pvalues. Those variables which have significant effects may be used to understand or predict the future values of the dependent variables. When DCPI is dependent, it is related to NGDP and not related to DEXRATE. This means that DCPI is only related to the previous values of NGDP, when DEXRATE is dependent, it is not related to any of DCPI and NGDP. This means that DEXRATE is not related to any of the previous values of NGDP and DCPI and when NGDP is dependent, it is related to DCPI, but not related to DEXRATE. This means that NGDP is only related to the previous values of DCPI.
The Impulse Response Function Analysis
To measure the effect of a unit shock of the variable, impulse response function has been used, Thus, for each variable from each equation separately, a unit shock is applied to the error term and the effects upon the VAR system over time are noted. It traces the effect of one standard deviation shock to one of the innovations on the current and future values of the endogenous variables in the system. We can examine how long and to what degree a shock to a given equation is on all of the variables in the system. The Figure 2 shows how long and to what degree the shock of every variable when considered to be dependent, has been affected by others considered to be independent. Here, every dependent variable is the response to independent variables. Considering the first subfigure at the top of Figure 2 on the left, when the response variable is CPI, we see that the shock of CPI innovation has a significant effect on itself since the graph shows a positive effect up to the third period and decreases up to minus 0.5 percent where there is a negative shock and this effect of the shock will finish after six periods. The second and the third subfigure show that the shock of exchange rate and NGDP innovations has no effects on CPI since the graphs show that the values fluctuate around the line zero. Similarly, on the fourth and sixth subfigures, when the response variable is EXRATE, the shocks of CPI and NGPD have no effects on exchange rate since the graph starts from zero even if CPI seems to have a small negative effect, and shows that the values fluctuate around the line zero. On the other hand, when the response is exchange rate, we see that the shock of EXRATE innovation has a significant effect only on itself since the graph shows a positive effect up to the seventh period. When the response is NGDP, every response of NGDP on CPI and on itself is all positive at each time responsive period. EXRATE has obvious fluctuation. Figure 2 show that the shocks of the variables under our study have a great effect on themselves than on one another. This means that they are more related to their previous values than on the previous values of another variable. 
Therefore, in general the impulse response plots in
Conclusion
This study was undertaken with the main objective of finding the relationship between each underlying economic indicator and its previous values as well as the previous values of other indicators, the indicators being CPI (DCPI), exchange rate (DEXRATE) and NGDP. The objective has been achieved using a Vector Autoregressive (VAR) Model described in this study. Granger Causality/Block Exogeneity Wald Tests and Impulse response function analysis presented in Table 4 and Figure 2 respectively, confirmed that in the VAR model estimated, from each equation, that is, when DCPI, DEXRATE and NGDP are endogenous variables, each one is at least related to its previous value(s) and some of the previous values of other variables. This led us to the confirmation that the relationship exists. Furthermore, the results suggest that CPI is not directly related to the exchange but to the nominal GDP and vice versa. Journal home page: www.jafristat.net, www.projecteuclid.org/as 
